Objective: To investigate the effects of cauda equina lesions on sexual function in men. Methods: Sexual function was investigated in 46 men with long standing cauda equina/conus medullaris lesions. All had clinical and radiological findings supporting the diagnosis. The validated Slovene translation of the international index of erectile function (IIEF) was used. The responses were scored and sexual dysfunction categorised as absent, mild, moderate, or severe. The number of patients receiving help for sexual dysfunction was noted. Neurological examination of the trunk and lower limbs, electromyographic (EMG) evaluation of the sacral reflex, and quantitative EMG of the external anal sphincter muscles were done. Results: Severe sexual dysfunction was reported by 35% of patients, moderate dysfunction by 24%, and slight dysfunction by 26%; normal sexual function was reported by 15%. Orgasmic function was slightly more impaired than erectile function, and sexual desire slightly less. The patients' age, but no findings on clinical neurological or EMG examination, correlated with sexual function. Only five men had received medical attention for sexual dysfunction. Conclusions: There is significant sexual impairment in men with lesions of the cauda equina or conus medullaris. This is poorly correlated with neurological and EMG findings and has received insufficient medical attention.
T he spinal cord tapers to its end, the conus medullaris, usually at the lower edge of the first lumbar vertebra in adults. From the conus medullaris, lumbar and sacral nerve roots arise, forming a nerve bundle within the spinal canal called the cauda equina. Spinal roots leave the cauda equina consecutively at their appropriate neural foramina.
Injuries to the cauda equina are mostly caused by compression from herniated intervertebral discs, fractured spinal fragments, tumours, haematomas, or abscesses. In the case of trauma (which mainly affects the lower thoracic and the upper lumbar vertebrae) the conus medullaris or the cauda equina, or both, may be affected, and it is difficult to separate the two conditions. In the present study we used the term "cauda equina lesion," disregarding the exact location of the lesion. Other much rarer conditions (ischaemic insults, inflammatory, infectious, and toxic conditions) may also be responsible for cauda equina damage. In spite of the serious consequences of such lesions on urinary, anorectal, and sexual function, and their potential to cause chronic pain syndromes, data obtained in systematically studied populations of these patients are still inadequate. [1] [2] [3] [4] The exact incidence and prevalence of lesions to the cauda equina in a general population are not known, but it is estimated that they present 1-5% of spinal pathology. 3 5 In the present study, we report the sexual function of men with long standing lesions of the sacral nerve roots, and correlate it with findings on clinical neurological examination and quantitative electromyography (EMG) in the external anal sphincter muscles. In addition to clinical examination, EMG of the external anal sphincter is considered a useful optional investigation for defining lesions better within the lower sacral reflex arc. In patients with lesions to the cauda equina, no quantitative EMG study has yet been published.
METHODS
A group of 46 men was recruited either from the database of the Institute of Clinical Neurophysiology in Ljubljana (34 patients), or from the database of the Institute of Republic of Slovenia for Rehabilitation (12 patients) . In addition to a history suggesting the cause, all patients had some perianal sensory loss or definite pathological denervation activity on EMG examination performed early (3-10 weeks) after the onset of the condition; all patients also had radiological findings supporting a cauda equina injury. The national ethics committee of Slovenia approved the study, and all subjects provided informed consent.
At the clinical and EMG examination, all patients were asked about erectile and ejaculatory dysfunction. Afterwards, the validated Slovene translation of the international index of erectile function (IIEF) 6 was sent to all patients. The responses to 15 questions of the IIEF were scored using five or six point scales; better sexual function scored higher. The first 10 questions (Q1-10) were scored 0-5, and the last five questions (Q11-15) scored 1-5. Six questions (Q1-5, Q15) concerned erectile function, three (Q6-8) concerned intercourse satisfaction, two (Q9-10) concerned orgasmic function, two (Q11-12) concerned sexual desire, and two (Q13-14) concerned overall satisfaction (table 1, figs 1 and 2) . 6 Each area of sexual activity was first scored separately, and then a general score of sexual function was obtained by summation of the individual scores. Sexual dysfunction in the individual domains and the general score were categorised as absent, or as mild, moderate, or severe sexual dysfunction (table 1) .
Neurological examination of the trunk and lower limbs was undertaken in all patients. This included: power of knee flexion (graded as normal, slightly reduced, moderately reduced, or severely reduced/no limb movement), briskness of ankle jerks (graded as normal, diminished, or absent), and perianal sensation (graded separately on each side as normal, mildly reduced, moderately reduced, or severely reduced/absent).
EMG of the external anal sphincter muscle was undertaken using a standard concentric EMG needle (37 mm long; No 22583, Oxford Medical, Old Woking, Surrey, UK), and an advanced EMG system (Keypoint, Medtronic Functional Diagnostics, Skovlunde, Denmark) with standard settings (filters: 5 Hz to 10 kHz). A precisely standardised examination protocol was followed. 7 At each site, the number of continuously firing motor unit potentials (MUP) was first counted using multi-MUP analysis. MUP counts obtained in patients during relaxation were compared with normative data. 8 With a needle electrode inserted into the subcutaneous external anal sphincter muscle, the increase in MUP firing to perianal touch (that is, sacral reflex activation) was noted (graded as normal, mildly reduced, moderately reduced, or Figure 1 Erectile function in 36 men with chronic lesion of the cauda equina. Using the international index of erectile function (IIEF) questionnaire, 6 responses on frequency of obtaining an erection (question 1, Q1), having an erection hard enough for penetration (Q2), ability to penetrate the partner (Q3), ability to maintain erection after penetration (Q4), and difficulty in maintaining erection until completion of intercourse (Q5), together with confidence to achieve and maintain an erection (Q15) are presented. Q1-5 were scored 0-5 (0, no sexual activity; 1, almost never/never; 2, rarely; 3, sometimes; 4, usually; 5, almost always/always). Q15 was scored 1-5 (1, very low; 2, low; 3, moderate; 4, high; 5, very high). In IIEF all questions evaluate sexual activity in the previous (last) four weeks. Better sexual function scores higher. Note the slight decrease in scores on successive questions (Q1-5), and a very low confidence in achieving and maintaining erection during sexual intercourse (Q15). Figure 2 Responses of 36 men with chronic cauda equina lesion to the international index of erectile function (IIEF) questionnaire. 6 In IIEF all questions evaluate sexual activity in the previous (last) four weeks. Frequency of attempts to have sexual intercourse (Q6), satisfaction (Q7), and enjoyment (Q8) with sexual intercourse evaluate intercourse satisfaction. Frequency of ejaculation (Q9) and frequency of feeling of orgasm (Q10) evaluate ejaculatory function. Frequency (Q11) and level (Q12) of sexual desire evaluate that domain of sexual life. Overall satisfaction with sexual life (Q13) and satisfaction with sexual relationship with partner (Q14) evaluate overall sexual satisfaction. 6 Note that Q6-10 were scored 0-5 and Q11-14 were scored 1-5. Better sexual function scored higher. In Q7, Q9, Q10, and Q11, the scale was the same as in Q1-5, and in Q12 the scale was the same as in Q15 (fig 1) . Q6 was scored as follows: 0, no attempts; 1, one to two attempts; 2, three to four attempts; 3, five or six attempts; 4, seven to 10 attempts; 5, 11 or more attempts; Q8 was scored as follows: 0, no intercourse; 1, no enjoyment; 2, not very enjoyable; 3, fairly enjoyable; 4, highly enjoyable; 5, very highly enjoyable; Q13 and Q14 were scored as follows: 1, very dissatisfied; 2, moderately dissatisfied; 3, about equally satisfied and dissatisfied; 4, moderately satisfied; 5, very satisfied.
severely reduced/absent). 7 During these procedures, and when necessary by appropriate voluntary activation, MUPs were sampled using multi-MUP analysis. MUP indices of area, duration, and number of turns 9 were evaluated. Mean values and "outlier" limits of individual MUPs were compared with appropriate normative data. 10 EMG abnormalities were graded (in decreasing severity) as follows: (1) complete atrophy of both the subcutaneous and the deeper external anal sphincter muscles bilaterally; (2) incomplete external anal sphincter reinnervation (complete atrophy, or values of MUP indices below the normative range in at least one external anal sphincter muscle); (3) MUP indices above the normative range in more than half the muscles examined; (4) MUP indices above the normative range in less than half the muscles examined; (5) no abnormalities on MUP analysis. Similarly, general scores of clinical findings from both sides were also determined.
The number of men evaluated for their sexual dysfunction by urologists or andrologists, treatments recommended, and the effect of treatments were noted.
Statistics
Correlations between the total sexual function score and the patients' age, duration of neural damage, clinical findings (power of knee flexion, perianal sensation, ankle jerks), and EMG findings (MUP count, sacral reflex activation, MUP indices) were assessed by the non-parametric Spearman correlation coefficient. We also analysed the effect of age, aetiology, duration, and level of the neural lesion, perianal sensation, and the grade of EMG abnormality on different domains of sexual function (erectile function, intercourse satisfaction, orgasmic function, sexual desire and overall satisfaction) and on the general score of male sexual function, using multiple linear regression analysis by MATLAB (The MathWorks Inc, Natick, Massachusetts, USA).
RESULTS
The median age of our patients was 47 years (range 21 to 78), and the median time since the lesion to the cauda equina was 22 months (range 5 to 240). In 20 men, the lesion was caused by intervertebral disc herniation, in 16 by spinal fracture, in four either by surgery to the intervertebral disc (3) or to the abdominal aorta (1), in three by a spinal tumour, and in a further three by a spinal haematoma in the lumbar region, a spinal abscess, and chronic arachnoiditis, respectively.
The completed IIEF was received from 36 patients (table 1, figs 1 and 2). More than half the patients reported moderate or severe sexual dysfunction. Different areas of the men's sexual function were similarly affected, with orgasmic dysfunction (Q9-10) reported to be slightly more and sexual desire (Q11-12) slightly less affected than erectile function (Q1-5, Q15). Erectile function scores progressively diminished with consecutive IIEF questions. Thus, although 12 patients (30%) were (almost) always able to achieve an erection during sexual activity (Q1), only one (3%) was very highly confident of achieving and maintaining an erection (Q15). The most affected domain was intercourse satisfaction, with only one patient highly enjoying it (Q8). More than half the patients were dissatisfied and only a quarter were satisfied with their sexual life (Q13). These data, obtained by a self administered IIEF questionnaire, were in accordance with data obtained by a structured interview.
In the remaining 10 patients, who did not return the IIEF questionnaire, one had normal, three mild, three moderate, and three severe erectile and ejaculatory impairment (data collected by structured interview). Thus of the 46 patients, 16 (35%) had severe, 11 (24%) moderate, and 12 (26%) slight sexual dysfunction. The remaining seven men (15%) claimed to have normal sexual function. Although this was not directly asked for, seven men (44%) with severe sexual dysfunction and without the ability to achieve ejaculation during sexual intercourse reported spontaneous ejaculations of semen during sleep.
One patient was totally and another partially wheelchair bound. The remaining patients were ambulant, some with varying degrees of lower limb paresis.
On neurological examination, knee flexion power was normal in 22 patients, slightly reduced in 20, moderately reduced in three, and severely reduced in one. Ankle jerks were normal in eight patients, reduced in 23, and absent in 15. Almost all men (43) had a clear perianal sensory deficit at least unilaterally. When the left and right sides were graded individually in patients with sensory loss, perianal sensation was normal on six sides, mildly/moderately reduced on 24 sides, severely reduced on 33 sides, and absent on 23 sides. When assessment of both sides was combined into one grade, normal sensation was present in three patients, mild reduction in 11, moderate reduction in nine, severe reduction in 15, and the remaining eight patients did not feel any perianal touch or pinprick.
On EMG examination, the subcutaneous and deeper external anal sphincter muscles were bilaterally completely atrophied in four of 46 patients, incompletely reinnervated in nine, severely neuropathic in 22, slightly to moderately neuropathic in six, and normal in five. The MUP count during relaxation was below the normal range in at least one external anal sphincter muscle in 21 of 45 patients (47%).
Sacral reflex activation was normal in seven patients, mildly reduced in nine, moderately reduced in nine, severely reduced in eight, and absent in 13. Of 16 patients with normal or mildly reduced sacral reflex activation, only two older than 60 years had severe sexual dysfunction, and of 21 men with severely reduced or absent reflex activation, eight had severe sexual dysfunction.
Age was the only factor that was significantly correlated with overall sexual function as assessed by the nonparametric Spearman correlation coefficient, and on multiple linear regression analysis it also importantly affected all five domains of male sexual function (erectile function, intercourse satisfaction, orgasmic function, sexual desire, and overall satisfaction), as well as the general score of male sexual function (p < 0.0001). In men younger/older than 47 years (the median age in our population), sexual function was severely impaired in 17%/54%, moderately impaired in 29%/18%, mildly impaired in 29%/23%, and normal in 25%/5% (mean IIEF scores, 46/22).
None of the other variables evaluated using these statistical techniques (aetiology, duration and level of neural damage, power of knee flexion, perianal sensation, ankle jerks, MUP count, sacral reflex activation, MUP indices) had any effect on sexual function of our patients (p > 0.05).
Only four patients were evaluated by a urologist for sexual dysfunction. Two were offered oral sildenafil citrate (Viagra; Pfizer, New York, USA), one intracavernosal injections, and one a vacuum device. All these approaches improved erection but did not increase pleasure during intercourse. One of our patients (totally wheelchair bound) was seen by an andrologist, who took a sperm sample and recommended the use of a vibrator, which, however, did not enable him to achieve ejaculation.
DISCUSSION
The cauda equina conveys sensory fibres from the sacral dermatomes, motor nerve fibres innervating lower sacral myotome skeletal muscles, and sacral parasympathetic fibres. 11 Thus in patients with cauda equina lesions the finding of pronounced sexual dysfunction, perineal sensory deficit, and EMG abnormalities is not unexpected.
Cell bodies of motor and sacral parasympathetic neurones reside within the Onuf and intermediolateral nuclei of the conus medullaris, respectively, and these also receive input from afferent sacral nerve fibres. The effects of lesions to the cauda equina and the conus medullaris are, as a result, similar and it is difficult to distinguish between them clinically. In particular, on multiple linear regression analysis our patients with spinal fractures-most of whom had L1 fracturesprobably had at least some involvement of the conus medullaris (with or without root damage). We consider conus medullaris lesions improbable in patients with disc herniations, which in all our cases occurred below the L3 level. Cauda equina lesions are often asymmetrical, whereas conus medullaris lesions are not. In the present study, we did not try to distinguish between these two possible locations of neural injury to the lower sacral segments.
Parasympathetic fibres innervate the penile vascular structures and are considered a proerectile pathway. 12 In addition, contraction of the ischiocavernosal and bulbospongiosal striated muscles, located at the penile crus and innervated by the S2-S4 somatic motor fibres, plays a contributory role in penile erection. 13 Sensory fibres from the lower sacral dermatomes convey genital tactile sensation, which is important for conscious appreciation of genital stimulation and for reflexogenic erections. Accordingly, spinal coordination of the various autonomic and somatic nuclei is required for a rigid and sustained reflex penile erection. 13 In contrast, sympathetic innervation of the genital organs bypasses the cauda equina and is thus not affected by damage to it. The sympathetic outflow leaves the spinal cord at the thoracolumbar (T10-L2) segments, travels in the hypogastric nerves, and reaches the genital structures by way of the pelvic plexuses. It is likely to be responsible for the basal antierectile tone present during the flaccid state of the penis, 12 but it also promotes psychogenic erections. 14 The main role of the sympathetic innervation is emission of semen from the vas deferens and seminal vesicles into the posterior urethra, and closure of the bladder neck, thus preventing retrograde ejaculation. Ejaculation is then reinforced by rhythmic contractions of the ischiocavernosal and the bulbospongiosal muscles. A spinal cord centre for ejaculation has been proposed at the T12/L1 level. 15 It is thought that it receives facilitatory influences from the brain and from the genitalia through sensory fibres. Almost half our men with severe sexual dysfunction reported spontaneous ejaculation of semen during sleep, which supports sparing of the sympathetic innervation in this population.
Our patients reported slightly more pronounced impairment of ejaculatory (orgasmic) function than of erectile function. To achieve ejaculation during sexual activity, the spinal centre for ejaculation needs to be activated. This depends on sensory stimulation from the genitalia (or central activation). In addition, ejaculation of semen from the urethra depends on rhythmic contraction of the periurethral striated musculature. Thus, although efferent ejaculatory (sympathetic) fibres are preserved in lesions of the cauda equina, both the sensory fibres from the anogenital region and the motor innervation of the perineal musculature are affected.
Sexual desire, which was least affected in our study, is a function of the brain. In our patients it could be impaired by previous negative sexual experiences caused by erectile dysfunction.
To our knowledge, this study is the first to evaluate sexual function systematically in a larger population of men with cauda equina lesions. It revealed significant sexual impairment in this population, with more than a third of the patients having severe sexual dysfunction, a quarter each having moderate or mild dysfunction, and only 15% having (self reported) normal function. None of the relevant previous studies used IIEF. Thus a comparison of our results with published data is difficult. However, it is evident that our patients had much worse sexual function than men of a similar age in the general population. At the age of 45 years (the median age of our population was 47 years), approximately 6% of men had complete erectile dysfunction, 19% had moderate dysfunction, 17% had minimal dysfunction, and 55% had no dysfunction. 16 Furthermore, most of our patients related the onset of erectile dysfunction to the neural lesion.
Previous studies of patients with lesions to the cauda equina only briefly mentioned sexual function in small populations of men with lesions following surgery for prolapsed intervertebral discs. [1] [2] [3] [4] [5] They reported complete loss of erectile function in one of nine men, 5 two of six, 3 17 two of 10, 2 and in none of 12, all of whom were sexually active before injury. 4 In a further four of nine men, 5 two of six, 3 17 and one of 12, 4 erectile function was impaired. In the study by Hellstrom et al, four of 10 men transiently lost erectile ability for several years, after which it normalised. 2 In the study by Larsen and Hejgaard, five of 11 patients with cauda equina lesions had sexual dysfunction but their sex was not stated. 1 Again, comparison of our results with these studies is difficult, but in general they reported better outcomes for sexual function after lesions to the cauda equina than in our patients.
There may be several reasons for this. All previous studies were done in populations of patients operated on for herniated intervertebral discs in large neurosurgical or orthopaedic centres, [1] [2] [3] [4] which contrasts with our population of patients with different aetiologies, recruited from the databases of a diagnostic and a rehabilitation centre. Patients from large neurosurgical or orthopaedic centres probably have better outcomes than the general population because they are likely to have had early decompression surgery. In contrast, rehabilitation centres treat patients with severe residual dysfunction. Furthermore, in our study patients were invited to participate by letter, and it is possible that this preferentially attracted patients with greater dysfunction. The IIEF used here may also be more sensitive than the clinical evaluations performed in published studies. [1] [2] [3] [4] Comparing our results with two other neurological disorders that affect young men-multiple sclerosis and spinal cord injuries-reveals a similar prevalence of sexual dysfunction, which affects about 70% of men with multiple sclerosis 18 and 25-95% of men with spinal injuries. 19 The main difference, however, between the population of patients with cauda equina lesions and these other two conditions is in the importance ascribed to sexual dysfunction. Only two of our patients were not ambulant, which contrasts to the situation in multiple sclerosis and spinal cord injuries. As a result, sexual dysfunction formed a larger proportion of their total disability. As the total distress that the patients experienced as a result of sexual dysfunction is not investigated by IIEF, 6 it was not formally recorded in our patients. However, on the basis of the patients' histories, it seemed that young patients in particular were seriously distressed by their sexual disability.
In our study, age was a strong predictor of the severity of sexual dysfunction, with older patients reporting greater sexual deficits. This is in concordance with findings in the normal population. 16 Part of this difference may reflect bias in reporting deficits. Although it has been established that self reporting techniques allow patient derived assessments outside the clinic and that they are appropriate for evaluating sexual function, 20 it was our impression that older patients tended to overestimate their impairment (perhaps because of depression and the lack of a sexual partner). In contrast, it seems possible that some younger patients may have underestimated their sexual deficit. A 26 year old patient, five years after spinal fracture and with complete sacral anaesthesia/ analgesia, complete external anal sphincter muscle atrophy, and severe faecal and urinary incontinence, claimed to have normal erections, with only premature ejaculations. We have no partner report, nor could we perform a laboratory observation of his erection. A similar patient was described previously. 2 Denial might be important in some patients, and therefore responses obtained by self administered sexual questionnaires need to be accepted with caution.
The aetiology of lesions was not important for the resulting sexual deficit, as patients with neural damage resulting from intervertebral disc herniation, spinal fractures, and other lesions had a similar severity of sexual dysfunction. However, it seemed that patients with iatrogenic lesions (disc and abdominal aneurysm surgery) and spinal haematomas had somewhat worse outcomes in terms of sexual function. In contrast, three patients with compression to the cauda equina by spinal tumours had the best preserved sexual function. Different pathophysiological mechanisms of injury and different degrees of compression probably caused these differences.
On neurological examination, knee flexion muscle power and briskness of the ankle jerks were not correlated with sexual dysfunction. This is not surprising as these evaluate mainly the S1 segment, which may or may not be damaged in a neural lesion involving the cauda equina. S2 and S3 are considered the most important for erection. A high frequency of normal findings on clinical examination of the lower limbs should thus be a guard against relying on such "routine neurological testing" to exclude a lesion to the cauda equina. Perianal sensation was, somewhat unexpectedly, also found to be poorly correlated with sexual function. This relatively poor correlation suggests that different populations of nerve fibres mediate perianal sensation and sexual function. Sensory loss in the lower sacral dermatomes is considered a common (perhaps even necessary) deficit in cauda equina lesions. Our study argues against sensory loss as an obligatory indicator of conus/cauda equina lesions, at least by the time of five or more months after the lesion. Three of 46 patients from our registers who definitely had a cauda equina lesion (as defined by history, clinical deficits, radiological data, and pathological denervation activity on a previous diagnostic EMG in their records) did not have any perianal sensory deficit on clinical examination. One of these patients had severely impaired sexual function, and the remaining two had slightly impaired function.
According to a recent consensus statement, 21 concentric needle EMG and recording of the bulbocavernosus reflex are useful in selected patients with involvement of the sacral peripheral nervous system and urinary incontinence. It was one of our aims to evaluate the usefulness of these tests in predicting the presence of sexual dysfunction in patients with cauda equina lesions.
In our study, we assessed sacral reflex activity electromyographically. No clinical testing of the bulbocavernosus reflex was undertaken, as the EMG detection is more sensitive. 22 We elicited the sacral reflex response by touching the perianal skin bilaterally and detected it by a needle electrode inserted into the subcutaneous external anal sphincter muscle. 7 It is probable that not only absent but also severely reduced sacral reflex activation on EMG corresponds to an absent bulbocavernosus reflex on clinical assessment. By touching the skin bilaterally, and inserting the needle bilaterally, this technique enabled us to test separately both (left/right) afferent and efferent pathways. 7 This sacral reflex response correlated well with perianal sensory testing, but less well with sexual function.
To test the lower sacral segment motor fibres, we used quantitative EMG of the muscles supplied. Assessment of pathological spontaneous ("denervation") EMG activity and quantitative analysis of the interference pattern were not included in systematic evaluation of the external anal sphincter performed in our study, because the first was not expected to be informative in the chronic situation, and the second has been found to have only half the diagnostic sensitivity of MUP analysis techniques. 10 The MUP count during relaxationwhich in this clinical situation provides a crude estimate of the number of motor units remaining after the neural lesion 8 -did not predict the outcome of sexual function in our patients. Similarly, the analysis of MUP indices, which provide information on the external anal sphincter muscle reinnervation, was not correlated with sexual function. The reason for this finding may again lie in the different nerve fibre populations that are mainly responsible for each of these functions. They not only occupy a slightly different position within the cauda equina but they also show different resistance to compression (the parasympathetic fibres being thinner than the somatic fibres). Indeed in a recent study, testing for thin fibre function-such as testing thermal thresholds on the dorsal aspect of the penis-was reported to correlate better with erectile dysfunction in diabetic patients than nerve conduction studies testing thick nerve fibres. 23 The common causes of the cauda equina damage (and those actually present in our study) are expected to produce an axonal type of nerve injury. Therefore uroneurophysiological tests of nerve conduction measuring latencies (bulbocavernosus reflex, pudendal nerve terminal latency test, pudendal somatosensory evoked potentials) are in fact not expected to be sensitive indicators of partial lesions, and thus to be even less well correlated with neurogenic sacral dysfunction. These tests were not performed in our study. On the basis of our 
